Abstract. We report on measurements of atmospheric transmission (ATr) and aerosol optical depth (AODr) made at three wavelengths (368, 500, and 778 nm) with a spectroradiometer placed on Tenerife (28.5øN, 16.3øW), Canary Islands. Using the National Oceanic and Atmospheric Administration (NOAA) advanced very high resolution radiometer (AVHRR) channel 1, we also measured the aerosol optical depth (AODs) and albedo over a region of the North Atlantic Ocean extending from 15ø-35øN to 12ø-25øW. We observe large changes in ATr and AODr when dust outbreaks pass over this region. Using all these data, we derive the asymmetry factor (g), the single-scattering albedo (co), and the local mean AODr and we compute 'the direct radiative forcing AF attributable to mineral 
To assess the impact of aerosols on climate, it is necessary to have a complete knowledge of the aerosol optical properties on a global scale. This requires the use of satellite methods. To this end it is necessary to relate the satellite-sensed products to ground-based measurements made with conventional radiation instrumentation [Exp6sito et al., 1995] . The work, which we present here, was carried out on Tenerife, Canary Islands (26ø-28øN, 15ø-17øW). This region is ideally suited for the study of the radiative effects of dust because it experiences frequent Saharan dust events, especially during the summer and early fall Prospero, 1996a Prospero, , 1996b ; Mating et al.,
Although dust transport to the Canaries can take place in the marine boundary layer (MBL) from sources along the northwest coast of Africa [Bergametti et al., 1989 ], the main transport occurs above the MBL in a layer (the Saharan air layer (SAL)) which typically reaches to 5-6 km in this region [Karyampudi et al., 1999; Westphal et al., 1988] 
Experimental Methods

Ground-Based Data
The AOD is computed using the Lambert-Beer-Bouguer law: 
0.008382 -(3'916+0'074;1'+0'05/;1,) (3) with 00 the Sun zenith angle (in degrees) and ;1, is the wavelength in micrometers. We have used the factor P(mbar)/1013.25 [Iqbal, 1983 ] We compared the results of our Langley calibrations with those obtained by the statistical procedure of Herman et al. [1981] in order to assess the precision of the computed Lo(2). The latter assumes that the deviation of the data points is due to real random variations of AOD during the course of the measurements. The results obtained with these two methods typically differ by less than 1%.
The atmospheric transmission, defined as the ratio of the radiance detected by the Sun photometer to the extraterrestrial radiance (ATr=L(,•)/Lo(,•)) was measured at 368, 500, and 778 nm.
The principal sources of uncertainty in AODr measured at the ground are variability in the air mass; the accurate characterization of the filters' spectral characteristics; the forward scattered radiation which reaches the detector within its FOV; and the extraterrestrial signal of the Sun photometer [Russell et [Kidwell, 1995] . The AODs is calculated using the upwelling radiance in channels 1 and 2 according to Durkee et al. [1986] and the albedo according to Rao and Chen [ 1994] . These methods can only be used over the ocean; the image pixel must be cloud-free, and the following conditions must obtain (1) satellite zenith angle < 50 ø, (2) solar zenith angle < 50 ø, (3) Sun reflection angle > 50 ø, (4) brightness temperature channel 4 > 0øC, (5) channel 2 albedo < 3%, (6) channel 1/channel 2 ratio > 1.5, and (7) [Prospero, 1996a [Prospero, , 1996b ] shows a temporal variability that tracked that of mineral dust; however, the mineral dust concentrations are, on average, an order of magnitude greater than that of all the other major aerosol species combined [Prospero, 1996a] . At Hidalgo the dust concentration was much lower than at Izafia and the temporal variability of dust and other species is very different as well. At both sites, nss SO•, NO•, and related species are believed to be largely derived from pollution sources in Europe. At Izafia the pollutants are transported across North Africa where they are intermixed with dust-laden air masses and subsequently carried to the North Atlantic [Prospero, 1996a [Prospero, , 1996b •. o1:,,,,I,,,,i,,,,i,,,,i,,,, i,,,,i,,,, i,,,,i,,,, To assess the increase in upwelling radiance during dust events, we studied the variation of albedo with respect to AODs. 1-N)[rff l-g/2)(1-a)2-4a(1-w) ] r, We have computed the local mean dust optical depth, the asymmetry factor, and the single-scattering albedo for mineral dust using the following expressions: 
Using the albedo and AODs values from cloudless pixels in
•;•,r 2Qm (2, r,m)g'(2, r,m)n(r)dr 
m'2Qext ( g,r,m)n(r)dr where r is the aerosol particle radius, A is the wavelength, m is the refraction index, Q•ct(/1.,r,m) and Qe,,t(/l,r,m) are the scattering and extinction coefficients, and n(r) is the aerosol size distribution. The parameter g' is the asymmetry factor for a particle of radius r and complex index of refraction m. Both Qsct(A,r,m) and Q,xt(A,r,m) have been evaluated using the Mie scattering theory. We have used the algorithm given by Wiscombe [1979] , which has an accuracy of at least six significant digits. Also, the asymmetry factor (g') for a particle of radius r and complex index of refraction m was evaluated by the same algorithm. [1995] suggest that the influence of the particle shape in the aerosol radiative forcing can be considered negligibly small. Thus they can be accurately computed using the Mie theory if the AOD is already known.
The particle size distribution n(r) has been obtained using the constrained linear inversion method of King et al. [1978] . This parameter can be related with the measured AOD, r,•, using the Mie-scattering approximation by equation (7).
As noted by King et al. [1978] , this problem is ill-posed and the size distributions inverted from extinction spectra are nonunique. Several authors have tested the inversion calculations by varying the refraction index, the size distribution, the number of iterations, etc., and they have estimated the error in the aerosol radiative properties computed from these size distributions [King et al., 1978; Heintzenberg et al., 1981; Gonzdlez-dorge and Ogren, 1996] . The studies show that if the refraction index (m) is known, the estimated error for the asymmetry factor g is less than 4%; on the other hand, if m is not known exactly, the error can increase up to 7%. Following the King's inversion method the particle radii range, for which the aerosol size distribution will be obtained, must be chosen properly in order to avoid problems with the convergence of the method. This radii interval is determined by Heintzenberg et al. [1981] criteria, which establishes that a radii interval is valid if the ratios between the extinction efficiency factor at different used wavelengths depend on the particle radii. When this occurs the aerosol optical depth data measured at the used wavelengths have independence information in this finite radii range.
We have estimated the g and co errors due to our implementation of the method to calculate the radiative properties of the mineral dust. For it we have supposed a to a case without dust, whereas in the second one (r = 0.5), the dust has been distributed as mentioned above. These calculations have been done using three refractive indexes in King's algorithm.
Taking into account the different error sources indicated the overall uncertainties (root-square-sum) in g and co are 10% and 13%, respectively.
We computed the aerosol size distributions for all dusty days. 
Discussion and Conclusions
Some authors have pointed out the importance of studying mineral dust due to its significant role in the scattering of light. Theoretical and experimental studies have shown that the effect of this atmospheric component in the radiation budget is comparable to the greenhouse effect gases but opposite in sign. Moreover, the spatial and temporal variations shown in their physical properties make necessary a major effort not only on a planetary scale but also on a regional scale.
In this paper we report on a series of surface-based measurements of ATr and AODr at three wavelengths, 368, 500, and 778 nm, made on Tenerife and NOAA AVHRR channel 1 measurements of albedo and AODs. We show that large changes occur in these variables when Saharan dust outbreaks enter the region. AODr values at 500 nm can increase from 0.05, a value that is typical for dust-free conditions, to 0. Because of the different spatial-temporal characteristics and physical-chemical properties of the different aerosol species (natural and anthropogenic) it is very complicated to obtain an average image of the radiative role of the aerosols in a global scale. Because of the geographical dimensions of the problem the use of satellites is necessary. These space measurements must be completed with a ground-based network to do the intercomparison with the satellite measurements in order to get the necessary accuracy and precision. To obtain this, the space platform must be equipped with a spectral instrument to measure radiative properties such as g and co, both over land and oceans. We hope that this task can be obtained with actual and future satellites as ADEOS-POLDER, Seastar-SeaWiFS, Envisat-Meris, Envisat-AATSR, Envisat-SCIAMACHY, EOS-MODIS, EOS-MISR, etc. On the other hand, unfortunately, there is a lack of instrumentation designed specifically to profile aerosols in the near future. For this task new techniques are necessary, such as space-borne lidars, whose implementation
has not yet been planned.
